information on past climate and pre-industrial environments of the study regions. The North Slave Métis Alliance (NSMA) initiated a traditional knowledge study to contribute to a collaborative project led by the Geological Survey of Canada and Carleton University to better understand the role of climate and land-use change on the transport and fate of metal/metalloids in areas of high resource potential and contaminant loads in northern Canada. Métis cultural knowledge linked to climate and associated environmental variability in the Northwest Territories was used to provide long-term climate and environmental data necessary for evaluating records of past geochemical change. Data were extracted from historical interviews conducted with NSMA members and from a selection of primary and secondary literature relevant to Métis historical experience. North Slave Métis Alliance members' cultural knowledge suggests that in addition to variability in weather and corresponding environmental conditions to be anticipated year to year, climate change is producing an overall warming with impacts on seasonality, precipitation, water levels, and ice quality, and as a result, impacts on the health, behaviour, and distribution of fish and wildlife. Results of the NSMA traditional knowledge study will be integrated with western science knowledge to produce a knowledge assemblage on climate and environmental change that includes human contextual experience.
This approach is expected to provide insight into past climate dynamics not discernible using paleoecological approaches alone.
Résumé
La publication Outils géoscientifiques pour l'évaluation environnementale des mines de métaux était un projet triennal (2015) (2016) (2017) (2018) 
Introduction
There is broad agreement among Indigenous and science communities that the climate is changing, and the rate of this change and its effects and impacts appear to be accelerated in the Arctic. Many communities in the Canadian Arctic are experiencing environmental changes that differ from normal variability. Observed differences in the seasonal extent and distribution of sea ice, fish and wildlife abundance and health, permafrost thaw, and soil erosion are considered to be without precedent (Riedlinger and Berkes 2001) . In equally unprecedented ways, climate change research has brought together conventional science and Indigenous knowledge. Indigenous communities, through their long occupancy and management of their territories and through their relationship with animals and other resources, are storehouses of invaluable insights into environmental trends over la longue durée, the long term.
In assessing the evidence of climate change in the Arctic, Hinzman et al. (2005) find that, although a wide variety of regional changes have occurred over the course of the last 400 years, many of these changes began or accelerated in the mid-1970s. Some of the changes, such as later freeze-up and earlier break-up of Arctic rivers and lakes, mirror Arctic-wide and even worldwide increases in air temperature. Others document more subtle or complex responses of the Arctic system as it adjusts to current and longer-term trends in climate. Since the Arctic system is particularly sensitive to changes in rain and snowfall, the timing of freeze-up and break-up, and the intensity of storm activity, it is likely that much of what has been documented to date (and will be documented in the future) reflects these changes. Regardless of the driving forces, the combined observations and documentation offer substantial evidence, although often diffuse, that the Arctic system may be entering a state not seen in recent history (Hinzman et al. 2005 
Methodology and sources
The NSMA holds a variety of records pertaining to the history of Métis in the Northwest Territories and the role of Métis in the development and operation of the fur trade on Great Slave Lake. Among these are digital copies of Warburton Pike's account of his travels to the Barren Grounds with his Métis guide King These qualitative weather descriptions, including "cold," "warm," "cloudy," "rainy," and "snowing," were assigned numerical keys (i.e., cold = 1, warm = 2, mild = 3). The spreadsheets were then graphed and analyzed for patterns and insights into climate and environmental change during the years represented. For this report, the project team also reviewed NSMA's previous interviews for references to climate and environmental change. Although climate and the environment were not the focus of those interviews, analysis of the transcripts revealed participants sharing extensive cultural knowledge related to climate and the environment. In many cases, this knowledge was conveyed in passing as participants responded to questions about harvesting activities, travel, and other land use activities pursued throughout their lifetimes.
In these instances, and where no further questions were posed during the interview to elucidate the knowledge shared, the project team's analysis included a limited amount of interpretation in order to draw out the knowledge being revealed. 
Historical overview
The weight of evidence suggests an eighteenth-century origin for the Métis community in the Great Slave Lake area. Jones notes that "it seems reasonable to state that [Métis] were already living in the Great Slave Lake area at the very beginning of the period of European trader residency there" (Jones 2005:12) . Records indicate that by 1800, the Great Slave Lake area was home to a burgeoning population of first-generation children of mixed ancestry, born of unions between French men and local Aboriginal women (Jones 2005:19) . Métis history is firmly linked to the fur trade, and the first fur-trading post in the region was established on the southern shore of Great Slave Lake in 1786. From this post, the initial trading journey on Great Slave Lake went up through the North Arm and into Dogrib country around Lac la Martre, where another post was established in 1789. In 1790, a post was also built on the North Arm near the Yellowknife River -Old Fort Providence served as the centre of North West Company activities for the next few years (Bellman and Hanks 1998) . Recent research and archaeological evidence now suggest that a post at Old Fort Rae, on the eastern shore of the North Arm, may also have been established at the same time as or even earlier than Old Fort Providence (Stevenson 2001:12,15 Slave Lake region" (Jones 2005:33) .
Old Fort Rae
Old Fort Rae (referred to as Fort Rae after the post and Métis community moved north) is named after Dr.
John Rae, an Arctic explorer associated with the HBC, although the site first appears in historical records as Mountain Island or Rae Point (Hayden 2010:2 According to Bellman and Hanks (1998:53) , Anderson also sought advice from François Beaulieu on where best to locate the new HBC fort, but opted to follow Baptiste Beaulieu's recommendation for the east side of the North Arm instead. In addition to wood supplies and a reputation as a good fishing area, this location boasted two particular assets: direct access to caribou during their spring and fall migrations (Stevenson 2001:16) and proximity to important spiritual/cultural sites, which made it easier for "local hunters and trappers to remain within culturally significant territory while participating in the new economic trade system" (Hayden 2010:26-27 Rae's "Indian" accounts for this same period, including Beaulieu, Robillard, and Marseillais (Jones 2005:79) . The account books for the 1870s and 1880s include Baptiste Bouvier as an employee, along with names such as Laferté, Beaulieu, Hoole, Camsell, Norn, Villeneuve, and Laviolette (Jones 2014:14) . Henry
Cadien is listed at different times as an employee, middleman, and interpreter, and as an "Indian" or having "Indian debt," along with "'Small Man Beaulieu ' and his son … 'Old Man Beaulieu' and 'Beaulieu's 1st son'" (Jones 2014:15) . Jones surmises that "Indian debt" was perhaps "more a type of economic relationship than an ethnic attribute" (Jones 2014:18 (Hayden 2010:34) The workers performed the same types of construction and manual labour tasks as their counterparts did at Fort Providence. In the winter, the employees and Antoine Laferté made several trips with dogsleds to locations within a few days' travel of the post to collect furs and meat from the HBC's trading partners.
They also travelled about the same distance to cut wood to heat the post buildings and to supply the steamer Wrigley on its summer visits. observations, such as wind and seasonal changes. Posts were not required to record meteorological information; rather, it was noted according to the whims and interests of the journal keepers. As a result, the regularity and frequency with which the journals provided weather data differ greatly from post to post, author to author, and even day to day. For this report, the project team reviewed all of the HBC journals currently held by NSMA, namely those from Old Fort Rae, because of the post's importance to NSMA members and its central role in the lives of their families and ancestors. With respect to future research, it is recommended that the HBC journals for the posts at Fort Simpson, Fort Providence, and Fort Resolution, at a minimum, be reviewed, and data analyzed and amalgamated with the data provided here for Old Fort Rae, as well as a review of account books, which may contain information on fur conditions that could be correlated with climate data and traditional knowledge. Of Old Fort Rae's data sets, temperature is the most consistently available because it was sometimes recorded on an almost daily basis, and therefore proved the most useful for analysis. However, even temperatures were recorded inconsistently over the course of each year, with many days, weeks, and months entirely unaccounted for, so the project team focused its analysis on two select periods during which temperatures were well represented over multiple years. The two periods selected for analysis were November-December and January-February, because unlike most other periods covered by the journals, temperatures during these months were recorded on an almost daily basis over multiple years between 1888 and 1896. Available temperatures for these months/years were first plotted in tables for comparative analysis, and then used to generate graphs to illustrate the variability and fluctuation of daily temperatures during the same periods from year to year (Fig. 1, 2) . The graphs for both periods appear to describe continual change in temperatures during each period and between the same periods each year. The available data suggest what might be described as "consistent inconsistency" in temperatures and corresponding climatic conditions for the periods analyzed. Temperatures appear to fluctuate within a range of 6°F to 8°F within each period, and without adhering to any predictable pattern. 
John Franklin's expeditions
During the 1820s, the British explorer John Franklin made two expeditions to the north coast of Canada, aided on both journeys by the local knowledge and physical labour of Métis individuals, referred to throughout the accounts as "half-breeds," "voyagers," and "Canadians." During each of these voyages, "regular measurements were made several times each day of temperature, wind direction, and compass variation, as well as observations of wind speed, precipitation, sky cover, and the occurrence of the aurora" (Hopper 1985:684) . Much of this early climate data is preserved in the expedition journals that were kept by Franklin for the purpose of publication and in the personal journals kept by the naturalist John
Richardson, who accompanied Franklin on his first expedition (Hudson's Bay Company Archives).
Existing analyses of these data underscore the day-to-day and year-to-year variability of temperatures recorded at outposts close to Old Fort Rae and located within NSMA members' traditional territory in the region north of Great Slave Lake. (Houston 2014:208) In their analysis of historical Arctic climate data, including Franklin's, Przybylak and Vizi suggest the 1820s were warmer overall, particularly during the winter months, than the 1850s, when Old Fort Rae was established (Przybylak and Vizi 2005:1512) . They also note, however, that even these warmer winters were considerably colder than those the region experiences today. Additionally, they report that variances between mean daily temperatures were greatest during winter and summer months, and that these variances have increased in both frequency and severity from the past to the present. The greatest changes in the dayto-day variability of mean daily air temperature (MDAT) from historical to present times occur in winter and especially in summer. In both seasons, increases in variances were noted. This means that at present, the occurrence of large day-to-day MDAT variability (exceeding 5°C in winter and 3°C in summer) is more frequent, while small variability (0°C to 1°C) is less frequent (Przybylak and Vizi 2005:1515 In November-December of 1849, temperatures ranged from 9.1ºF to -15.7ºF and in the same months in 1850, temperatures ranged from 15.4ºF to -9.4ºF. In January-February of 1850 and 1851, temperatures ranged from -30.5ºF to 1.4ºF and -23.1ºF to -4.5ºF respectively (Meteorological Council 1879).
Fort Confidence
Fort Confidence was established on the northeastern shore of Great Bear Lake in the mid-1830s. Although financed by the HBC, the Fort was not a trading post but a base station for Arctic expeditions, such as the 
International Polar Year

1882-83 marked the first International Polar Year (IPY), during which "scientists from 11 countries ran 12 expeditionary stations in the Arctic or sub-Arctic and two in the sub-Antarctic for about 13 months" in
order to collect meteorological data systematically for the purposes of scientific analysis and publication (Bulkeley 2010:1) . Despite some initial reluctance on the part of the British Royal Navy to participate, due in part to the opinion that it was impractical and counterproductive to have researchers stationed in one place for a year rather than exploring an area for the same duration, the Meteorological Council eventually won out and selected Old Fort Rae as the site for its IPY base (Barr 2010:61 (Pike 1892:58) . But his account is frequently coloured with specific and elaborate information for which he did not provide a source. It is possible then, and perhaps likely, that highly specific local climate and environment-related knowledge displayed in passages such as the one below was provided to Pike by Beaulieu:
In the afternoon we put out in a calm to paddle across the open traverse to the first of a group of islands about fifteen miles to the north. This traverse is the terror of the lake for canoes, both in summer on account of the heavy sea which gets up suddenly, and in
winter when the drifting snow in stormy weather obscures everything and makes it a difficult matter to keep the course over the ice. (Pike 1892:25-26) A similar passage offered an unattributed explanation for the name of a place that was a Métis camping and fishing site strategically located where they had been windbound, as Pike (1892) Pike's account is peppered with this contextual climate-and environment-related knowledge, presumably gleaned from but only occasionally attributed to his Métis guides, which provides a late-nineteenth-century snapshot of existing and evolving Métis cultural knowledge.
North Slave Métis Alliance transcripts
As mentioned earlier, an analysis of the transcripts of interviews conducted for NSMA's previous traditional land use studies revealed NSMA members sharing extensive cultural knowledge related to climate and the environment. In many cases, this knowledge was conveyed in passing as participants With respect to climate change, interview respondents reported knowledge of a general warming of both weather and water temperatures, which had driven fish deeper in search of colder water. Respondents indicated that they had adapted to this change by fishing in deeper water for the same fish they had caught previously in shallower water at the same time of year. They also reported decreasing water levels on Great Slave Lake beginning in the 1970s, with water levels at the time of the interviews measuring three to four feet lower than in the past. Interviewees reported that weather patterns had changed considerably, bringing warmer, shorter winters that were marked by less snow and more wind. Historically, seasonal weather conditions had driven the development and selection of different Métis fishing techniques, some of which, participants explained, were no longer practised due to environmental impacts associated with climate change. The following exchange between the interviewer and one participant described a traditional Métis fishing technique that was developed when "the ice used to be thick": Traditionally, seasonal weather conditions have not only been a critical factor in determining when species with year-round availability are harvested, but have driven the development and use of storage techniques.
Interview participants shared cultural knowledge related to the selection and use of animal hides and duck feathers to fashion the warm clothing and bedding traditionally required to provide insulation against the anticipated cold of Arctic winters. For instance, they explained that winter caribou hide has longer hair that falls out too easily, and that summer hides with their shorter, denser fur are therefore better for providing warmth. Participants also recalled their parents saving the feathers from duck hunts to be used as down stuffing for comforters, pillows, and other bedding. As revealed in NSMA's interview transcripts, Métis traditional knowledge contains both practical knowledge of seasonal weather patterns and awareness of a gradual and consistent change in overall temperatures and associated conditions. Interview respondents suggested that before the middle of the twentieth century, there were comparatively fewer forest fires in the Northwest Territories, and that they were more often man-made, whereas during the second half of the century, fires were more likely caused by lightning. They also reported changes to fish habitat and movements as a result of both higher temperatures overall and warming temperatures earlier in the season: Based on their knowledge of the species they have harvested for generations and their preferred habitats, NSMA members also reported knowledge of changes to the health, behaviour, and distribution of wildlife as a result of warmer temperatures. Interview respondents observed that migration patterns for caribou had changed over the twenty years preceding the interviews, and they reported that caribou used to be fatter and the fat was distributed more evenly over the animals' backs, hips, bellies, and chests. In the following exchange, a Métis harvester described the northern migration of parasites, as a result of milder winters, and changes to caribou migration patterns and food sources due to increased forest fire activity: NSMA members described all of these climate change impacts in contrast to conditions that they expected to encounter based on their cultural knowledge. In this way, when Métis frame impacts, they also reveal cultural knowledge of baseline trends and expectations against which they set the impacts, as well as processes of knowledge change. Interview participants suggested that the climatic and environmental changes they observed had become considerations for them when evaluating the risks and benefits of development within their traditional territory:
You're also creating all these exits for gas, oil and gas. The NSMA's transcripts show that Métis cultural knowledge of climate change is rooted in applied knowledge of historical climatic and environmental conditions, including special practices related to these conditions, and in observation and analysis of recent and continual deviations from historical norms. Métis cultural knowledge suggests that in addition to the variability in weather and corresponding environmental conditions anticipated from year to year, climate change is producing an overall warming, with impacts on the health, behaviour, and distribution of fish and wildlife, which are related to impacts on seasonality, precipitation, water levels, and ice quality.
Conclusions
Environmental knowledge is central to Métis history insofar as it is the body of knowledge acquired through The NSMA's interview transcripts are somewhat nuanced on the subject of changes to climate and the environment. They record knowledge of both continual changes in weather (i.e., variability in weather and corresponding environmental conditions from year to year), and also gradual but continual changes in temperatures and corresponding conditions over time (i.e., overall warming). Based on their knowledge of the species they have harvested for generations and their preferred habitats, NSMA members reported changes to the health, behaviour, and distribution of wildlife as a result of warmer temperatures. They reported changes to fish habitat and movements as a result of both higher temperatures overall and warming temperatures earlier in the season. They also described traditional Métis fishing techniques that were developed when "the ice used to be thick" but could no longer be practised due to environmental changes.
NSMA members' observations of climate change impact, such as changes to the health, behaviour, and distribution of wildlife as a result of warmer temperatures, also revealed cultural knowledge related to climate and environment by contrasting these changes with the established norm their Métis cultural knowledge anticipated. In reporting, for example, changes to fish habitat and movements as a result of both higher temperatures overall and temperatures warming earlier in the season, participants may have also been indicating the ongoing refinement of Métis cultural knowledge related to climate and climate change.
NSMA members' cultural knowledge of climate change is rooted in applied knowledge of historical climatic and environmental conditions, including special practices related to these conditions, and in observation and analysis of recent and continual deviations from historical norms. This cultural knowledge suggests that in addition to the variability in weather and corresponding environmental conditions anticipated from year to year, climate change is producing an overall warming, with impacts on the health, behaviour, and distribution of fish and wildlife, which are related to impacts on seasonality, precipitation levels, water levels, and ice quality.
